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©  An  image  fixing  apparatus. 

©  An  image  fixing  apparatus  includes  a  heater 
which  is  stationary  in  use;  a  film  for  sliding  contact 
with  the  heater  and  movable  together  with  a  record- 
ing  material,  wherein  the  recording  material  has  a 
visualized  image,  which  is  heated  through  the  film 
by  heat  from  the  heater;  and  wherein  that  surface  of 
the  film  for  sliding  contact  with  the  heater  has  a 
surface  roughness  of  0.5  -  7  microns  at  least  in  a 

CM  direction  perpendicular  to  a  movement  direction  of 
^ t h e   film. 
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AN  IMAGE  FIXING  APPARATUS 

FIELD  OF  THE  INVENTION  AND  RELATED  ART 

The  present  invention  relates  to  an  image  fixing 
apparatus  wherein  a  visualized  image  is  heated 
and  fixed  through  a  film  sliding  relative  to  a  heating 
member. 

In  a  widely  used  conventional  image  fixing  ap- 
paratus  wherein  the  toner  image  is  fixed  on  the 
recording  medium  supporting  an  unfixed  toner  im- 
age,  the  recording  material  is  passed  through  a  nip 
formed  between  a  heating  roller  maintained  at  a 
predetermined  temperature  and  a  pressing  or 
back-up  roller  having  an  elastic  layer  and  press- 
contacted  to  the  heating  roller. 

This  heat  roll  fixing  system  requires  that  the 
heating  roller  has  a  large  thermal  capacity  in  order 
to  prevent  the  temperature  change  of  the  heating 
roller,  with  the  result  that  the  waiting  period  until 
the  surface  of  the  heating  roller  reaches  a  predeter- 
mined  temperature  level  is  long. 

U.S.  Patent  No.  3,578,797  proposes  a  belt  fix- 
ing  apparatus  wherein  a  web  and  the  recording 
material  is  separated  after  the  heated  toner  image 
is  cooled.  4This  belt  type  fixing  system  is  advanta- 
geous  over  the  heat  roller  type  fixing  system  from 
the  standpoint  of  the  necessity  of  a  measure 
against  the  temperature  change. 

However,  the  waiting  period  is  not  significantly 
shortened. 

There  are  other  systems  such  as  flash  fixing 
system  or  'an  oven  fixing  system,  which,  however, 
are  bulky,  and  the  thermal  efficiency  is  not  good. 

In  order  to  solve  this  problem,  U.S.  Serial  Nos. 
206,767,  387,970,  409,431,  416,539,  426,082, 
435,427,  440,380,  440,678,  444,802,  446,449, 
496,957,  502,223  proposes  an  image  fixing  appara- 
tus  having  a  fixed  heater  and  a  heat-resistive  fixing 
film  in  a  sliding  contact  with  the  heater,  wherein  the 
toner  image  is  fused  through  the  film.  With  the 
fixing  apparatus,  the  power  consumption  is  small, 
and  the  waiting  period  can  be  eliminated  or  signifi- 
cantly  reduced. 

However,  the  sliding  contact  between  the  film 
and  the  heater  produces  noise  in  some  cases. 

In  addition,  where  the  fixing  film  is  in  the  form 
of  an  endless  belt,  the  film  gradually  shifts  in  the 
lateral  direction  due  to  the  dimensional  inaccuracy 
of  a  belt  driving  roll  or  a  driven  roll,  due  to  diam- 
eter  variation  thereof  attributable  to  a  thermal  ex- 
pansion  or  due  to  variation  in  the  friction  force 
between  the  heating  member  and  the  film,  when 
the  fixing  apparatus  is  operated  for  a  long  period  of 
time. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  a  principal  object  of  the 
present  invention  to  provide  an  image  fixing  ap- 

5  paratus  wherein  the  noise  due  to  the  sliding  contact 
between  the  heater  and  the  film  is  prevented. 

It  is  another  object  of  the  present  invention  to 
provide  an  image  fixing  apparatus  wherein  the  lat- 
eral  shift  of  the  film  is  controlled  in  good  order. 

w  It  is  a  further  object  of  the  present  invention  to 
provide  an  image  fixing  apparatus  wherein  the  slid- 
ing  surface  of  the  film  relative  to  the  heater  is 
roughened. 

According  to  an  embodiment  of  the  present 
15  invention,  there  is  provided  an  image  fixing  appara- 

tus  wherein  the  surface  roughness  of  the  film  is  0.5 
-  7  microns. 

These  and  other  objects,  features  and  advan- 
tages  of  the  present  invention  will  become  more 

20  apparent  upon  a  consideration  of  the  following  de- 
scription  of  the  preferred  embodiments  of  the 
present  invention  taken  in  conjunction  with  the  ac- 
companying  drawings. 

25 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  sectional  view  of  an  image 
fixing  film  used  with  the  apparatus  according  to  an 

30  embodiment  of  the  present  invention. 
Figure  2  is  a  perspective  view  of  an  endless 

film  used  in  an  image  fixing  apparatus  according  to 
an  embodiment  of  the  present  invention. 

Figure  3  is  a  sectional  view  of  a  film  used  in 
35  an  image  fixing  apparatus  according  to  an  embodi- 

ment  of  the  present  invention. 
Figures  4,  6,  7  and  8  are  sectional  views 

illustrating  image  fixing  apparatuses  according  to 
further  embodiments  of  the  present  invention. 

40  Figure  5  is  a  sectional  view  of  an  image 
forming  apparatus  using  an  image  fixing  apparatus 
according  to  an  embodiment  of  the  present  inven- 
tion. 

45  DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Referring  to  the  accompanying  drawings,  em- 
bodiments  of  the  present  invention  will  be  de- 

50  scribed. 
Referring  first  to  Figure  5,  there  is  shown  an 

electrophotographic  copying  apparatus  as  an  ex- 
emplary  image  forming  apparatus  using  an  image 
fixing  apparatus  according  to  the  present  invention. 

In  Figure  5,  the  apparatus  comprises  a  housing 
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100,  a  reciprocable  original  supporting  platen  1 
made  of  transparent  member  such  as  glass  plate 
disposed  on  the  top  plate  100a  of  the  housing  100, 
wherein  the  original  supporting  platen  1  is  re- 
ciprocable  rightwardly  (a)  and  leftwardly  (a  )  on  the 
top  plate  100a  at  predetermined  speeds. 

An  original  G  is  placed  face  down  on  the 
original  supporting  platen  1  at  a  predetermined 
placing  reference,  and  is  covered  by  an  original 
cover  1  a. 

A  slit  opening  100b  is  formed  on  the  top  plate 
100a  extending  in  a  direction  perpendicular  to  the 
reciprocable  movement  direction  of  the  original 
supporting  platen  (perpendicular  to  the  sheet  of  the 
drawing).  The  slit  constitute  a  part  of  the  original 
illuminating  system.  The  face-down  image  surface 
of  the  original  G  placed  on  the  original  supporting 
platen  1  passes  by  the  slid  opening  100b  during 
the  movement  of  the  original  supporting  platen  1 
toward  the  right  side  (a).  During  the  passage,  the 
light  L  of  the  lamp  7  illuminates  the  original  G 
through  the  slit  opening  100b  and  the  transparent 
original  supporting  platen  1.  The  light  reflected  by 
the  original  is  imaged  on  the  surface  of  the  pho- 
tosensitive  drum  3  through  an  array  2  of  imaging 
elements  having  a  short  focus  and  a  small  diam- 
eter. 

The  photosensitive  drum  3  is  coated  with  a 
photosensitive  layer  such  as  zinc  oxide  photosen- 
sitive  layer  or  an  organic  photoconductor  photosen- 
sitive  layer.  It  is  rotatable  about  a  central  axis  3a  at 
a  predetermined  peripheral  speed  in  the  clockwise 
direction  (b).  During  the  rotation,  the  photosensitive 
drum  3  is  uniformly  charged  to  a  positive  or  -nega- 
tive  polarity  by  a  charger  4,  and  the  uniformly 
charged  surface  is  exposed  to  the  image  light  of 
the  original  through  the  slit  opening,  so  that  an 
electrostatic  latent  image  corresponding  to  the  light 
image  is  sequentially  formed  on  the  surface  of  the 
photosensitive  drum  3. 

The  electrostatic  latent  image  is  visualized  into 
a  toner  image  with  heat-softening  or  -fusing  resin 
or  the  like  by  the  developing  device  5,  and  the 
visualized  toner  image  is  conveyed  to  the  image 
transfer  station  having  the  transfer  discharger  8. 

The  transfer  material  sheets  P  are  contained  in 
a  cassette  S.  The  sheet  is  singled  out  from  the 
cassette  by  rotation  of  a  pick-up  roller  6  and  is  fed 
to  the  photosensitive  drum  3  in  such  a  timed  rela- 
tionship  that  when  the  leading  of  the  toner  image 
formed  portion  on  the  drum  3  reaches  the  transfer 
discharger  8,  the  leading  edge  of  the  transfer  sheet 
P  reaches  the  position  between  the  transfer  dis- 
charger  8  and  the  photosensitive  drum  3.  By  the 
transfer  discharger  8,  the  toner  image  is  sequen- 
tially  transferred  onto  the  fed  sheet  from  the  pho- 
tosensitive  drum  3. 

The  sheet  having  received  the  toner  image  is 

sequentially  separated  from  the  surface  of  the  pho- 
tosensitive  drum  3  by  an  unshown  separating 
means  and  is  introduced  by  conveying  device  10 
to  an  image  fixing  apparatus  1  1  ,  where  the  unfixed 

5  toner  image  is  heat-fixed.  Thereafter,  it  is  dis- 
charged  onto  the  discharge  tray  outside  the  ap- 
paratus  as  a  final  print  (copy)  by  a  guide  35  and 
discharging  rollers  36. 

On  the  other  hand,  the  surface  of  the  photosen- 
70  sitive  drum  3  having  been  subjected  to  the  toner 

image  transfer  operation  is  cleaned  by  the  cleaning 
device  13  so  that  the  residual  toner  or  other  con- 
tamination  are  removed  to  be  prepared  for  the  next 
image  forming  operation. 

75  Referring  to  Figure  4,  an  image  fixing  appara- 
tus  according  to  an  embodiment  of  the  present 
invention  will  be  described. 

An  image  fixing  film  24  is  in  the  form  of  an 
endless  belt,  and  is  stretched  around  parallel  four 

20  members,  i.e.,  a  driving  roller  (left  side)  25,  a 
driven  roller  (right  side)  26,  a  linear  heater  which 
has  a  low  thermal  capacity  and  which  is  disposed 
at  a  lower  position  between  said  driving  roller  25 
and  the  driven  roller  26  and  a  heater  supporting 

25  member  27.  The  fixing  film  24  will  be  described  in 
detail  hereinafter. 

The  driven  roller  or  follower  roller  26  functions 
also  as  a  tension  roller  for  the  endless  fixing  film 
24.  When  the  driving  roller  25  rotates  in  the  clock- 

30  wise  direction,  the  fixing  film  24  rotates  also  in  the 
clockwise  direction  at  a  predetermined  peripheral 
speed,  that  is,  the  same  speed  as  the  conveying 
speed  of  the  transfer  sheet  P  conveyed  from  the 
image  forming  station  8  and  carrying  thereon  an 

35  unfixed  toner  image  Ta,  without  speed  difference, 
without  production  of  crease  and  without  snaking 
motion. 

A  pressing  roller  (pressing  member)  28  has  a 
rubber  elastic  layer  made  of  rubber  material  having 

40  good  parting  property  such  as  silicone  rubber.  It  is 
urged,  by  unshown  urging  means,  toward  the  bot- 
tom  surface  of  the  heater  20  with  the  total  pressure 
of  4  -7  Kg  with  the  bottom  travel  of  the  fixing  film 
24  sandwiched  therebetween.  The  pressing  roller 

45  28  rotates  in  the  counterclockwise  direction,  that  is, 
in  the  same  peripheral  movement  direction  as  the 
transfer  sheet  P. 

The  heater  20  having  the  low  thermal  capacity 
and  having  the  linear  shape,  in  this  embodiment, 

so  comprises  the  heater  supporting  member  27  ex- 
tending  in  the  direction  of  the  width  of  the  fixing 
film  24  (perpendicular  to  the  movement  direction  of 
the  fixing  film  24).  The  supporting  member  has 
sufficient  rigidity,  heat-resistivity  and  heat-insulation 

55  properties.  The  heater  20  also  comprises  a  heater 
highly  heat-conductive  base  21  mounted  on  the 
bottom  surface  of  the  supporting  member  27  and 
extended  along  the  length  of  the  supporting  mem- 

3 
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ber  27.  The  heater  base  is  provided  with  a  heat 
generating  element  22  and  a  temperature  detecting 
element  23. 

The  heater  supporting  member  27  functions  to 
support  the  heater  20  on  the  fixing  apparatus,  and 
therefore,  on  the  image  forming  apparatus  with 
sufficient  thermal  insulation.  Examples  of  usable 
materials  for  the  heater  supporting  member  27  are 
high  heat-resistivity  resins  such  as  PPS 
(polyphenylenesulfide),  PAI  (polyimide  amide),  PI 
(polyimide),  PEEK  (polyether  ether  ketone)  or  liquid 
crystal  resins,  or  composites  of  such  a  resin  and 
ceramic  material,  metal,  glass  or  the  like.  The 
supporting  member  27  is  thus  made  of  low  heat- 
conductive  material. 

The  heater  base  21  has,  for  example,  an  alu- 
mina  plate  having  a  thickness  of  1.0  mm,  a  width  of 
10  mm  and  a  length  of  240  mm.  The  heat  generat- 
ing  element  22  is  applied  through  a  screen  printing 
process  or  the  like  on  the  bottom  surface  of  the 
base  21  along  the  length  thereof.  It  is  made  of 
electric  resistance  material  such  as  Ag/Pd  (silver- 
palladium),  for  example,  and  has  a  thickness  of 
approx.  10  microns  and  a  width  of  1  -  3  mm.  The 
heat  generating  element  22  is  coated  with  a  heat- 
resistive  glass  having  a  thickness  of  approx.  10 
microns  as  a  surface  protection  layer. 

The  temperature  sensor  23  is,  for  example,  a 
temperature  detecting  element  applied  through  a 
screen  printing  process  on  the  top  surface 
(opposite  from  the  surface  having  the  heat  generat- 
ing  element  22  at  the  center  thereof.  It  is  made  of 
Pt  film  or  the  like  having  a  low  thermal  capacity. 
The  temperature  sensor  23  may  be  in  the  form  of  a 
thermister  having  a  low  thermal  capacity  contacted 
to  the  base  21  . 

In  this  embodiment,  the  linear  or  strap  form 
heat  generating  member  22  is  connected  with  elec- 
tric  power  at  the  opposite  longitudinal  ends,  so  that 
the  heat  is  generated  over  the  entire  length  thereof. 
The  power  is  AC  100  V  in  this  example.  In  re- 
sponse  to  the  output  of  the  temperature  sensor  23, 
the  power  supply  to  the  heat  generating  member  is 
controlled  by  changing  a  phase  angle  of  the  elec- 
tric  power  supplied  from  an  unshown  power  supply 
circuit. 

The  fixing  film  24  in  not  limited  to  an  endless 
belt,  but  may  be  a  non-endless  belt  wrapped  on  a 
supply  shaft  30  and  on  a  take-up  shaft  31  through 
the  nip  formed  between  the  heater  20  and  the 
pressing  roller  28,  as  shown  in  Figure  6.  The  film 
24  in  this  form  is  moved  from  the  supply  shaft  30 
side  to  the  take-up  shaft  31  side  at  the  same  speed 
as  the  transfer  material  conveying  speed. 

The  image  fixing  operation  of  the  apparatus  of 
this  embodiment  will  be  described. 

Upon  image  formation  start  signal,  the  image 
forming  apparatus  starts  to  form  an  image.  A  visu- 

alized  toner  powder  image  is  formed  on  the  trans- 
fer  sheet  P,  and  the  transfer  sheet  having  the  toner 
image  Ta  is  conveyed  from  the  transfer  station  8  to 
the  image  fixing  apparatus  11.  It  is  introduced 

5  along  the  guide  29  into  the  nip  N  formed  between 
the  pressing  roller  28  and  the  fixing  film  24  urged 
by  the  pressing  roller  toward  the  heater  20,  and  is 
passed  through  the  nip  together  with  the  fixing  film 
in  contact  with  the  bottom  surface  of  the  film  with- 

w  out  relative  movement  therebetween  and  without 
production  of  crease. 

The  heater  20  is  energized  at  predetermined 
timing  from  the  image  formation  start  signal,  so 
that  the  toner  image  Ta  is  heated  at  the  nip  N  and 

75  is  fused  into  a  fused  image  Tb.  Since  there  is  no 
air  layer  between  the  heat  generating  element  22 
and  the  toner,  and  therefore,  the  energy  transmis- 
sion  efficiency  is  high. 

The  movement  direction  of  the  fixing  film  24 
20  abruptly  changes  by  as  large  as  approx.  45  de- 

grees  (  =  6)  at  an  edge  S  of  the  supporting  member 
which  has  a  large  curvature  (radius  of  approx.  2 
mm).  The  sheet  P  which  comes  through  the  nip  N 
with  the  fixing  film  24  in  contact  is  separated  by 

25  the  abrupt  increase  of  the  curvature  from  the  fixing 
film  24  at  the  edge  S.  It  is  conveyed  to  the  dis- 
charge  tray  12.  By  the  time  of  the  sheet  P  reaching 
the  discharge  tray  12,  the  toner  is  sufficiently  cool- 
ed  and  solidified  so  as  to  be  completely  fixed  on 

30  the  sheet  P  into  the  fixed  toner  image  Tc. 
The  toner  used  in  this  embodiment  has  suffi- 

ciently  high  viscosity  when  heated  and  fused  to 
provide  far  higher  adherence  among  toner  particles 
that  the  adherence  between  the  toner  and  the  fixing 

35  film  24,  even  if  the  temperature  of  the  toner  at  the 
time  of  the  separation  thereof  from  the  fixing  film 
24  is  higher  than  the  melting  point  of  the  toner.  For 
this  reason,  substantially  no  toner  offset  occurs  to 
the  fixing  film  24  when  the  sheet  is  separated  from 

40  the  fixing  film  24. 
In  this  embodiment,  the  thermal  capacities  of 

the  heat  generating  element  22  and  the  base  21  of 
the  heater  20  are  small,  and  are  supported  by  the 
supporting  member  with  the  thermal  insulation  pro- 

45  vided  by  the  supporting  member  27,  so  that  the 
surface  temperature  of  the  heater  20  at  the  nip  N 
rapidly  raised  to  a  level  sufficiently  higher  than  the 
toner  fusing  point  (or  the  fixable  temperature  rela- 
tive  to  the  sheet  P).  Therefore,  there  is  no  need  of 

so  stand-by  heating  to  heat  the  heater  beforehand. 
Accordingly,  the  energy  consumption  can  be 
saved,  and  the  temperature  rise  in  the  apparatus 
can  be  prevented. 

Figure  7  is  a  sectional  view  illustrating  an  im- 
55  age  fixing  apparatus  according  to  another  embodi- 

ment  of  the  present  invention. 
The  fixing  apparatus  comprises  an  upper  sepa- 

ration  roller  38  having  a  small  diameter  and  dis- 
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posed  downstream  of  the  heater  20  with  respect  to 
the  conveyance  direction  of  the  sheet  P,  a  driving 
roller  25  for  rotationally  traveling  the  fixing  film,  and 
a  follower  or  driven  roller  26  for  applying  proper 
tension  at  all  times  to  the  fixing  film.  The  driving 
roller  25  is  rotated  in  the  clockwise  direction  at  the 
same  speed  as  the  sheet  conveyance  speed. 

An  image  fixing  film  34  is  stretched  around  four 
parallel  members  20,  38,  25  and  26. 

The  apparatus  further  comprises  a  pressing 
roller  36  disposed  below  the  heater  20,  a  lower 
separation  roller  35  disposed  below  a  separation 
stay  38,  a  conveyer  belt  (back-up  belt)  37  in  the 
form  of  an  endless  belt  stretched  around  the  press- 
ing  roller  36  and  the  lower  separation  roller  35.  The 
pressing  roller  36  has  a  surface  layer  made  of 
elastic  material  such  as  silicone  rubber.  Between 
the  pressing  roller  36  and  the  heater  20,  the  bottom 
travel  of  the  endless  fixing  film  24  is  sandwiched, 
and  the  total  pressure  of  4  -  7  kg  is  applied  by  an 
unshown  urging  means. 

When  the  film  24  is  rotationally  driven,  the 
pressing  roller  36  rotates,  by  which  the  conveyer 
belt  37  rotates  in  the  counterclockwise  direction  at 
the  same  speed  as  the  sheet  conveyance  speed, 
while  press-contacting  the  sheet  P  to  the  fixing  film 
34. 

in  operation,  upon  image  formation  start  signal, 
the  image  forming  apparatus  starts  to  form  an 
image.  A  visualized  unfixed  toner  image  is  formed 
on  the  transfer  sheet  P,  and  thereafter  the  transfer 
sheet  having  the  toner  image  Ta  is  conveyed  from 
the  transfer  station  8  to  the  image  fixing  apparatus 
11.  It  is  introduced  along  the  guide  29,  while  the 
fixing  film  24  and  the  conveyer  belt  37  are  rotated, 
into  the  nip  N  formed  between  the  pressing  roller 
28  and  the  fixing  film  24  urged  by  the  pressing 
roller  toward  the  heater  20,  and  is  passed  through 
the  nip  together  with  the  fixing  film  in  contact  with 
the  bottom  surface  of  the  film  without  relative 
movement  therebetween  and  without  production  of 
crease. 

During  the  passage  through  the  nip  N,  the 
toner  image  Ta  is  heated  and  is  fused  into  a  fused 
image  Tb. 

The  portion  of  the  sheet  having  passed  through 
the  nip  N  between  the  pressing  roller  36  and  the 
heating  roller  32,  continues  to  be  conveyed  in 
close  contact  with  the  fixing  film  stretched  between 
the  heating  roller  32  and  the  separation  stay  38, 
before  the  portion  reaches  to  the  separation  stay 
38.  The  conveyer  belt  37  supports  the  backside  of 
the  sheet  P  to  maintain  the  close-contactness  be- 
tween  the  sheet  P  and  the  fixing  film  24.  During  the 
conveyance  process,  the  sheet  of  the 
softened/fused  toner  image  Tb  is  radiated,  by 
which  a  cooled/solidified  toner  image  Tc  is  pro- 
duced.  The  heat  radiation  in  this  radiation  and 

cooling  process  is  provided  by  the  spontaneous 
radiation  in  this  embodiment.  However,  a  forced 
cooling  may  be  employed  with  the  use  of  a  heat 
radiation  fins  or  with  the  use  of  a  fan. 

5  When  the  portion  reaches  the  separation  stay 
38,  the  fixing  film  24  is  deflected  by  the  stay  38 
away  from  the  sheet  P  surface  with  a  large  deflec- 
tion  angle,  by  which  the  fixing  film  24  and  the 
sheet  P  are  separated  from  each  other.  Then,  the 

w  sheet  P  is  conveyed  to  the  discharging  tray  12.  By 
the  time  of  the  separation,  the  toner  is  sufficiently 
cooled  and  solidified,  so  that  the  adherence  of  the 
toner  to  the  sheet  P  is  sufficiently  large,  whereas 
the  adherence  to  the  fixing  film  24  is  very  small,  so 

75  that  the  separation  between  the  fixing  film  24  and 
the  sheet  P  is  performed  substantially  without  toner 
offset  to  the  fixing  film  24. 

According  to  this  embodiment,  the  set  tem- 
perature  of  the  heater  is  further  increased.  More 

20  particularly,  the  set  temperature  may  be  far  higher 
than  the  temperature  at  which  the  high  temperature 
offset  is  produced  in  the  conventional  heating  roller 
type  fixing  system.  By  the  increase  of  the  tempera- 
ture,  the  fixing  performance  is  enhanced.  In  addi- 

25  tion,  the  tolerable  temperature  range  of  the  heater 
is  larger  at  the  high  temperature  side,  so  that  the 
temperature  control  system  is  easy. 

In  addition,  when  the  toner  images  of  different, 
particularly  three  or  more  different  color  toners  are 

30  fixed  together  (color  mixture),  the  toner  can  be 
fused  at  the  high  temperature,  and  therefore,  the 
color  mixture  is  good.  In  addition,  since  the  toner  is 
once  fused,  and  the  fused  toner  is  cooled  and 
solidified  while  being  in  contact  with  the  fixing  film, 

35  and  thereafter,  it  is  separated  from  the  fixing  film, 
then  the  surface  of  the  toner  image  follows  the 
surface  property  of  the  fixing  film.  Therefore,  if  the 
fixing  film  is  given  the  smooth  surface,  the  surface 
of  the  toner  image  Tc  can  be  as  glossy  as  a  silver 

40  salt  photograph. 
By  reducing  the  thickness  of  the  fixing  film  24, 

the  heat  accumulation  in  the  fixing  film  can  be 
prevented,  by  which  the  cooling  efficiency  of  the 

.  toner  image  is  improved.  Where  the  fixing  film  is 
45  made  of  thin  resin,  the  contactness  with  the  toner 

image  is  improved,  so  that  the  heat  transfer  effi- 
ciency  is  further  improved. 

Figure  8  shows  an  image  fixing  apparatus  ac- 
cording  to  a  further  embodiment  of  the  present 

so  invention. 
In  place  of  the  heater  20  of  the  first  embodi- 

ment  (Figure  4),  the  present  embodiment  employs 
a  transparent  member  made  of  heat-resistive  glass 
or  the  like,  and  through  the  transparent  member, 

55  the  toner  image  is  heated  by  a  heat-radiation 
source  40  such  as  halogen  lamp  disposed  inside 
the  endless  fixing  film  42. 

In  this  embodiment,  the  toner  is  heated  by  the 

5 
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radiation  by  the  instantaneous  temperature  rise, 
heating  and  the  fusing.  From  the  standpoint  of  the 
higher  energy  transmission  efficiency,  the  use  of 
the  heater  20  in  the  foregoing  embodiment  is  pref- 
erable  since  the  temperature  of  the  heater  20  is 
instantaneously  raised. 

Where  an  endless  film  is  used  as  in  the  em- 
bodiments  of  Figure  4,  7  and  8,  in  order  to  prevent 
lateral  shifting  of  the  endless'  film  in  a  long  term 
use,  film  shift  control  means  not  shown  is  provided 
to  change  the  tension  to  the  film  supported  on  the 
rollers  25  and  26  and  the  heater  20  at  the  longitudi- 
nal  end  or  ends  of  the  rollers,  or  means  is  provided 
to  change  a  level  or  levels  of  the  roller  or  rollers. 
Another  means  is  usable  for  the  same  purpose. 

Referring  now  to  Figures  1-3,  the  fixing  film  of 
this  embodiment  will  be  described.  In  these  Fig- 
ures,  references  24a  and  24c  represent  thicknes- 
ses  of  the  film.  The  films  are  used  as  the  fixing  film 
24  in  the  embodiment  described  in  the  foregoing. 

Example  1 

As  shown  in  Figure  1,  the  film  comprises  a 
polyimide  film  101  having  a  thickness  of  30 
microns,  a  primer  layer  102  and  a  parting  layer  103 
made  of  PTFE.  The  polyimide  surface  of  the  film  is 
sand-blasted,  while  the  parting  layer  side  is  con- 
tacted  to  a  steel  plate,  so  that  the  surface  rough- 
ness  of  Rz  2  microns  is  provided. 

Example  2 

As  shown  in  Figure  2,  the  film  is  in  the  form  of 
an  endless  film  made  of  polyimide.  The  film  has 
projections  of  5  microns  extending  along  the  move- 
ment  detection  of  the  film,  so  that  the  surface 
thereof  is  rough  in  the  direction  perpendicular  to 
the  movement  direction.  This  film  can  be  produced 
by  applying  precursor  of  the  polyimide  on  the  outer 
periphery  of  a  cylindrical  dye  and  by  drying  it  into 
the  polyimide.  The  cylindrical  dye  has  the  periph- 
eral  surface  with  trace  of  fine  abrasion  or  fine 
cutting  extending  in  the  circumferential  direction. 

Depending  on  the  manner  of  the  roughing  of 
the  surface  of  the  dye,  the  roughness  of  the  inside 
surface  of  the  film  can  be  changed.  For  example,  if 
the  surface  is  sand-blasted,  the  same  roughness  as 
in  the  first  example  can  be  provided. 

Example  3 

As  shown  in  Figure  3,  the  polyimide  film  con- 
tains  filler  material,  by  which  the  surface  of  the 
polyimide  film  is  roughened  by  the  influence  of  the 

filler  material  adjacent  the  surface.  In  this  example, 
1  %  of  spherical  silica  particles  are  dispersed  in 
the  polyimide,  by  which  the  roughness  of  2 
microns  can  be  provided  on  the  polyimide  surface. 

5  In  this  case,  the  similar  roughness  is  produced  on 
the  parting  layer  side  surface,  and  therefore,  the 
bonding  property  of  the  parting  layer  is  also  im- 
proved. 

The  surface  roughness  Rz  in  the  foregoing 
70  examples  are  based  on  ten  point  average  rough- 

ness  as  stipulated  in  JIS  B  0651  and  JIS  B  0606. 
When  the  polyimide  films  of  the  foregoing  ex- 

amples  were  set  in  the  fixing  apparatus  of  Figure  4 
with  the  roughened  surfaces  at  the  side  of  the 

75  heater,  both  of  the  lateral  shift  control  and  the  noise 
by  the  sliding  contact  between  the  heater  and  the 
film  were  good. 

In  Figure  4,  the  glass  layer  21a  of  the  surface 
of  the  heater  has  the  surface  roughness  of  0.5 

20  micron.  When  the  surface  roughness  of  the  film 
contacted  thereto  is  not  more  than  0.5  micron,  the 
heater  and  the  film  are  adhered  with  the  result  of 
large  friction  force,  and  therefore,  the  noise  is  pro- 
duced  during  the  driving.  In  addition,  the  friction 

25  force  with  the  driving  roll  25  and  the  tension  roll  26 
is  increased  so  much  that  the  film  is  creased 
during  the  lateral  shift  control.  If  the  surface  rough- 
ness  of  the  film  is  not  less  than  7  microns,  the  air 
gap  between  the  heater  is  so  increased  that  the 

30  heat  transfer  is  obstructed,  and  therefore,  the  sur- 
face  roughness  is  preferably  0.5  -  7  microns,  fur- 
ther  preferably,  1  -  5  microns. 

The  total  thickness  of  the  fixing  film  is  prefer- 
ably  not  more  than  100  microns,  further  preferably 

35  not  more  than  50  microns,  and  not  less  than  10 
microns  from  the  standpoint  of  stabilized  driving 
thereof.  The  material  thereof  is  not  limited  to  the 
polyimide  resin  if  the  heat-resistivity  is  good.  Ex- 
amples  of  the  other  materials  are  polyether  ether 

40  ketone  (PEEK),  polyether  sulfone  (PES),  polyether 
imide  (PEI)  and  the  like.  The  material  of  the  parting 
layer  may  be  PTFE,  PFA,  FEP  or  another  fluorinat- 
ed  resin,  or  silicone  resin,  having  the  heat-resistiv- 
ity  and  the  parting  property. 

45  The  method  of  roughing  the  surface  of  the  film 
is  not  limited  to  the  above  Examples.  Other  Exam- 
ples  of  the  roughing  methods  are  cutting,  abrading, 
etching  and  the  like. 

As  described  in  the  foregoing,  according  to  the 
50  present  invention,  the  noise  attributable  to  the  slid- 

ing  movement  can  be  suppressed  without  decreas- 
ing  the  thermal  efficiency. 

While  the  invention  has  been  described  with 
reference  to  the  structures  disclosed  herein,  it  is 

55  not  confined  to  the  details  set  forth  and  this  ap- 
plication  is  intended  to  cover  such  modifications  or 
changes  as  may  come  within  the  purposes  of  the 
improvements  or  the  scope  of  the  following  claims. 

6 
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An  image  fixing  apparatus  includes  a  heater 
which  is  stationary  in  use;  a  film  for  sliding  contact 
with  the  heater  and  movable  together  with  a  re- 
cording  material,  wherein  the  recording  material 
has  a  visualized  image,  which  is  heated  through  5 
the  film  by  heat  from  the  heater;  and  wherein  that 
surface  of  the  film  for  sliding  contact  with  the 
heater  has  a  surface  roughness  of  0.5  -  7  microns 
at  least  in  a  direction  perpendicular  to  a  movement 
direction  of  the  film.  10 

Claims 

1.  An  image  fixing  apparatus,  comprising:  75 
a  heater  which  is  stationary  in  use; 
a  film  for  sliding  contact  with  said  heater  and 
movable  together  with  a  recording  material, 
wherein  the  recording  material  has  a  visualized 
image,  which  is  heated  through  said  film  by  heat  20 
from  said  heater;  and 
wherein  that  surface  of  said  film  for  sliding  contact 
with  said  heater  has  a  surface  roughness  of  0.5  -  7 
microns  at  least  in  a  direction  perpendicular  to  a 
movement  direction  of  said  film.  25 

2.  An  apparatus  according  to  Claim  1,  wherein 
said  surface  of  said  film  is  of  polyimide  resin. 

3.  An  apparatus  according  to  Claim  1,  wherein 
said  film  contains  filler  material. 

4.  An  apparatus  according  to  Claim  1,  wherein  30 
at  least  said  surface  of  said  film  is  roughened. 

5.  An  apparatus  according  to  Claim  1,  wherein 
at  least  said  surface  of  said  film  is  sand-blasted. 

6.  An  apparatus  according  to  Claim  1,  wherein 
said  film  is  produced  with  a  die  having  a  roughen-  35 
ed  surface. 

7.  An  apparatus  according  to  Claim  1  ,  wherein 
a  surface  of  said  heater  contactable  with  said  film 
comprises  a  glass  layer,  and  said  film  is  in  sliding 
contact  with  the  glass  layer.  40 

8.  An  apparatus  according  to  Claim  1,  wherein 
said  surface  of  said  film  has  a  surface  roughness  of 
1 - 5   microns  at  least  in  a  direction  perpendicular 
to  the  movement  direction  of  said  film. 

9.  An  apparatus  according  to  Claim  8,  wherein  45 
said  film  has  a  thickness  of  not  more  than  100 
microns. 

10.  An  apparatus  according  to  Claim  9,  wherein 
said  film  has  a  thickness  of  not  less  than  10 
microns  and  not  more  than  50  microns.  50 

11.  An  apparatus  according  to  Claim  1,  wherein 
said  heater  comprises  a  resistor  extending  in  a 
direction  perpendicular  to  the  movement  direction 
of  said  film  and  producing  heat  by  electric  power 
supply  thereto.  55 

12.  An  apparatus  according  to  Claim  11, 
wherein  there  is  no  air  layer  between  the  resistor 
and  the  visualized  image. 

7 
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